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ABNORMAL MOWHENT OF BASCZTLE BRIDGES 

by Norman J. Peuer, P.E. 

A common occurrance during summer heat spells in the northeastern part of 

the country is that movable bridges, and particularly bascule bridges, jam 

tight during opening or closing. This often results in a great inconvenience 

to the motorist and his family, eager and restless to get to the beach, who 

have become stuck in traffic in their overheated car until the local fire 

department arrives to hose down the bridge and get traffic moving again. As 

the family get on their way, the motorist fumes about the hot weather and 

blames the engineer for not designing the bridge properly for expansion due to 

heat. 

But engineers do design bridges to accommodate expansion of the steel in 

hot weather and although the weather does play a part, it is not the main 

reason movable bridges jam. It is the particular type of a movable bridge, 

and the unique forces acting upon the approach spans, that is causing abnormal 

movement of the structure which results in the jamming of the bridge. And it 

is more than the jamming of the movable span, which causes merely 

inconvenience to the motorist and embarrassment to the operator, that should 
.+ 

be a concern of the bridge engineer. The abnormal movement, if left 

unattended, could cause serious structural damage resulting in costly repairs. 

This paper will discuss these movements, citing several examples from the 

writer's personal experience, devel.op possible causes fs r  and. discrss t l ~ c  

consequences of this movement and suggest methods to minimize and accoraodate 

this movement. 



s i n c e  t h e  l a t e  1960 's  -- i n  responsc t o  t h e  t r a g i c  c o l l a p s e  of the  S i l v e r  

Bridge over  t h e  Ohio River -- U.S. e n g i n e e r s  have under taken  a  nat ionwide 

i n v e n t o r y  and i n s p e c t i o n  program of a l l  our  b r i d g e s  t o  d e t e r m i n e  i f  they  a r e  

s a f e  f o r  p u b l i c  u s e .  More than a  m i l l i o n  b r i d g e s  have,  s o  f a r ,  been inc luded  

i n  t h e  program and a  va luab le  byproduct has  been t h e  chance t h i s  has  g i v e n  

e n g i n e e r s  t o  o b s e r v e ,  compare and e v a l u a t e  t h e  behavior  o f  p r e v i o u s  d e s i g n s ,  

b r i d g e  t y p e s ,  d e t a i l s  and ~ 0 n S t r ~ c t i 0 n  m a t e r i a l s .  From t h i s  mass  of c o l l e c t e d  

and assembled d a t a ,  some very impor tan t  f a c t s  on b r i d g e  c o n d i t i o n s  have come 

t o  l i g h t  and i n t e r e s t i n g  methods of b r i d g e  r e h a b i l i t a t i o n  deve loped .  

AS a  p a r t i c i p a n t  i n  t h i s  program over  t h e  p a s t  17 y e a r s ,  t h i s  w r i t e r  h a s  

had t h e  o p p o r t u n i t y  t o  be involved i n  t h e  i n s p e c t i o n  and e v a l u a t i o n  of s e v e r a l  

hundred b r i d g e s  o f  a l l  types  and ages .  Of a l l  the problems o b s e r v e d ,  t h e  one 

t h a t  has  most caught  t h e  w r i t e r ' s  a t t e n t i o n  has  been t h e  abnormal  movements o f  

t h e  s u p e r s t r u c t u r e  of movable b r i d g e s .  

For t h i s  p a p e r ,  abnormal movement i s  d e f i n e d  a s  t h e  h o r i z o n t a l  movement 

o r  c r e e p  of t h e  approach s t r u c t u r e  inward towards t h e  movable  span.  T h i s  

movement is d e t e c t a b l e  a t  t h e  expansion b e a r i n g s  o f  t h e  f i x e d  approach  spans .  

RESEARCH AND EXPERIENCE 

A review o f  l i t e r a t u r e  was made t o  de te rmine  i f  t h e r e  had been any p r i o r  

r e s e a r c h  on br idge movements. Two r e c e n t  s t u d i e s  were uncovered ,  one survey  

conducted by t h e  T r a n s p o r t a t i o n  Research Board i n  1975 and a  second prepared  



by t h e  F e d e r a l  Highway Admin is t ra t ion  i n  1985. Both of t h e s e  s t u d i e s  d e a l t  

wi th  f i x e d  b r i d g e s .  The s t u d i e s  shcxved t h a t  movements have been recorded f o r  

~i,utmt-nt.r; and t o  some e x t e n t ,  adjacent.  p i e r s .  However, t h e s e  !;tu<?ics !;howrtl 

t h a t  movement r a r e l y  occur red  p a s t  t h e  f i r s t  p i e r  away from t h e  abutment and 

s t a t e d  t h a t  t h e  p e r c e n t a g e  of b r i d g e s  where movement was observed  was q u i t e  

smal l  compared w i t h  t o t a l  number of b r i d g e s  surveyed.  T h i s  compares f a v o r a b l y  

wi th  t h i s  a u t h o r ' s  o b s e r v a t i o n s  over t h e  p a s t  17 y e a r s  of b r i d g e  i n s p e c t i o n .  

I n  comparison t o  f i x e d  b r i d g e s ,  t h i s  w r i t e r ' s  o b s e r v a t i o n s  of movable 

b r i d g e s  shows t h i s  movement t o  be more common and extend a c r o s s  t h e  e n t i r e  

l e n g t h  of t h e  s t r u c t u r e .  Of over  t h i r t y  movable b r i d g e s  which t h i s  w r i t e r  h a s  

p e r s o n a l l y  i n s p e c t e d  o r  reviewed t h e  i n s p e c t i o n  r e p o r t ,  7 5  p e r c e n t  showed 

evidence of t h i s  abnormal movement. Although observed on swing and v e r t i c a l  

l i f t  s t r u c t u r e s ,  t h i s  movement was more commonly found on s i n g l e  o r  double  

l e a f  b a s c u l e  b r i d g e ,  which make up t h e  bu lk  o f  t h e  movable s t r u c t u r e s .   his 

movement was a l s o  more l i k e l y  t o  be found on highway b r i d g e s  t h a n  on r a i l r o a d  

s t r u c t u r e s .  Fol lowing a r e  t h r e e  examples from t h i s  w r i t e r ' s  e x p e r i e n c e  

i l l u s t r a t i n g  t h i s  abnormal movement. 

B r i d g e  No.  1. T h i s  s t r u c t u r e ,  b u i l t  i n  1927, i s  a 480-foot-long s i x  span 

highway br idge  c o n s i s t i n g  o f  a  80-foot-long s i n g l e  l e a f  b a s c u l e  span f l a n k e d  

on both  ends by c o n c r e t e  encased s t e e l  g i r d e r  approach s p a n s .  (See F i g u r e  1) 

S i g n i f i c a n t  abnormal movement o f  t h e  approach s t r u c t u r e  h a s  occur red  on 

t h i s  b r i d g e .  The movement is o b s e r v a b l e  a t  t h e  expans ion  b e a r i n g s  l o c a t e d  a t  

P i e r s  1, 2 and 3. The o r i g i n a l  p l a n s  f o r  t h i s  b r i d g e  show t h a t  t h e s e  b e a r i n g s  

c o n s i s t  of a  s l i d i n g  bronze p l a t e  sandwiched between two s t e e l  c a s t i n g s .  





Cons iderab le  movement had a l r e a d y  taken p l a c e  when t h i s  w r i t e r  f i r s t  i n s p e c t e d  

t h i s  b r i d g e  i n  1 9 8 1 .  F i e l d  measurements t aken  over  t h e  p a s t  6 y e a r s  i n d i c a t e s  

t h a t  t h i s  movement s t i l l  p e r s i s t s .  Measurements taken d u r i n q  subs rquen t  

i n s p e c t i o n s  i n  1 9 8 5  and 1987 showed a d d i t i o n a l  movements of up t o  3/4 i n c h e s  

has  occur red  s i n c e  1981. A t  some l o c a t i o n s ,  where bear ing  o f f s e t s  a r e  l a r g e ,  

p l a t e s  have been added t o  extend t h e  bottom p l a t e  a s  t h e  upper  p l a t e  was 

s t a r t i n g  t o  d r o p  o f f  t h e  c a s t i n g  below. F i g u r e  2 shows t h e  movement t h a t  has  

occur red  a t  t h e s e  b e a r i n g s .  

Tn t h i s  c a s e ,  i t  i s  t h e o r i z e d  t h a t  t h e  movement s t a r t e d  a t  t h e  approach 

spans  a d j a c e n t  to t h e  abutments a t  e i t h e r  end of t h e  b r i d g e ,  c a u s i n g  t h e  upper 

p l a t e  o f  t h e  expans ion  bear ings  f o r  t h e s e  spans  a t  P i e r s  1 and  3 t o  s l i d e  

inward towards t h e  b a s c u l e  span u n t i l  t h e  end o f  t h e  span b c t t e d  t i g h t  a g a i n s t  

t h e  a d j a c e n t  span  a t  t h e  roadway j o i n t  above. Movement then c o n t i n u e d  wi th  

t h e  upper p l a t e s  of both a d j a c e n t  expansion b e a r i n g s  s l i d i n g  inward  t o g e t h e r  

towards t h e  movable span.  

A t  P i e r  2 o f  t h e  nor th  approach,  where t h e  inward end o f  t h e  second 

approach span is  f i x e d ,  t h e  movement o f  t h e  approach s t r u c t u r e  is pushing t h e  

p i e r  inward,  c a u s i n g  t h e  lower p l a t e  of t h e  expansion b e a r i n g  o f  t h e  a d j a c e n t  

t h i r d  approach span t o  s l i d e  Out from under t h e  upper p l a t e .  T h i s  movement 

w i l l  c o n t i n u e  h e r e  u n t i l  t h e  end of a d j a c e n t  spans  a r e  b u t t e d  t o g e t h e r  a t  t h e  

roadway j o i n t  above. Then t h e  f o r c e s  o f  movement w i l l  begin  t o  act  on t h e  

j o i n t  above t h e  bascu le  p i e r .  

on t h e  sou th  approach,  t h e  b e a r i n g  a t  t h e  inward end o f  t h e  approach 

s e c t i o n  a r e  Eixed a t o p  t h e  r e s t  p i e r .  Tire movement h e r e  i s  t h u s  pushing t h e  



p i e r  inward,  c a u s i n g  t h e  t o p  s e c t i o n  t o  l e a n  n o t i c e b l y .  I n  t u r n ,  t h e  t o e  end 

of t h e  g i r d e r s  o f  t h e  b a s c u l e  span7now overhang t h e i r  b e a r i n g s  a t  t h e  r e s t  

p i e r  by a t  l e a s t  s i x  i n c h e s .  A s  a  r e s u l t ,  t h e  f i n g e r s  f o r  t h e  s t e e l  roadwzy 

j o i n t  above have had t o  be c u t  back s e v e r a l  t imes  t o  p r e v e n t  jamming o f  t h e  

j o i n t .  There is a l s o  an on-going problem wi th  p r o p e r l y  s e a t i n g  t h e  bascu le  

span and a l i g n i n g  t h e  l o c k s  a t  t h e  t o e ,  which most l i k e l y  i s  caused by t h i s  

movement . 

of i n t e r e s t ,  an o l d e r  r a i l r o a d  b a s c u l e  b r i d g e  of s i m i l a r  l e n g t h ,  which 

runs  p a r a l l e l  and a d j a c e n t  t o  t h i s  b r i d g e ,  shows no ev idence  whatsoever o f  

t h i s  abnormal movement. 

Br idge  NO. 2.  T h i s  highway b r i d g e ,  b u i l t  i n  1950, i s  a 500-foot-long, 

seven span s t r u c t u r e  c o n s i s t i n g  of a 70-foot-long s i n g l e  l e a f  bascu le  span  

Elanked by r o l l e d  s t e e l  s t r i n g e r  approach spans  ( s e e  F i g u r e  3)  

Atop P i e r s  1 and 6,  t h e  f i r s t  p i e r s  i n  from t h e  abutments  a t  e i t h e r  end 

of t h e  b r i d g e ,  t h e  rocker - type  b e a r i n g s  f o r  a d j a c e n t  approach spans  a r e  a l l  

l e a n i n g  inward towards t h e  movable span.  Both s e t s  o f  b e a r i n g s  have been 

rocked i n t o  t h e i r  maximum p o s i t i o n  and appear  t o  be locked  i n  p l a c e  and n o  

longer  a b l e  t o  f u n c t i o n  f o r  thermal  movement, t h e  r o c k e r s  of t h e  f i r s t  

approach spans  i n  f u l l  expansion and t h e  r o c k e r  o f  t h e  a d j a c e n t  approach s p a a s  
., 

i n  f u l l  c o n t r a c t i o n .  ( s e e  F igure  4 )  

Perhaps t o  compensate f o r  t h i s  movement a t  t h e  b e a r i n g s ,  P i e r s  1 and 6 

a r e  observed t o  be l e a n i n g  outward towards t h e  abutments .  P i e r  1 l e a n s  a b o u t  





4 i n c h e s  h o r i z o n t a l l y  over  its 30 f o o t  h e i g h t  whi le  P i e r  6 is l e a n i n g  about  14 

inches .  

Some movement i s  a l s o  observed a t  P i e r  4 where t h e  expansion bear ings  of 

t h e  approach span a r e  a l s o  l e a n i n g  inward towards th;i movable span.  A t  t h e  

toe o f  t h e  b a s c u l e  span over  P i e r  2 ,  t h e  b e a r i n g s  f o r  t h e  b a s c u l e  span do n o t  

s e a t  p r o p e r l y ,  nor a r e  t h e  span l o c k s  t i g h t ,  problems t h a t  may be a  r e s u l t  of 

t h i s  movement. 

Bridge NO. 3 .  T h i s  l a s t  s t r u c t u r e  i s  a  700-foot-long, seven  span highway 

b r i d g e  b u i l t  i n  1949. The b r i d g e  c o n s i s t s  of a  160-foot-long double  l e a f  

b a s c u l e  span f l a n k e d  by s t e e l  p l a t e  g i r d e r  approach spans  ( s e e  F i g u r e  5 ) .  

AS shown i n  F i g u r e  6 ,  t h e  rocker  t y p e  b e a r i n g s  of a d j a c e n t  approach spans  

a t  p i e r s  1, 3 and 5 wcre observed t o  be l e a n i n g  e x c e s s i v e l y  i n  t h e  expansion 

p o s i t i o n .  Measured l e a n s  were much g r e a t e r  t h a n  would have been expected f o r  

normal expansion.  The roadway j o i n t s  above t h e s e  p i e r s ,  which have an 

o r i g i n a l  des ign  opening o f  1-1/8 i n c h e s ,  were no ted  t o  be b u t t e d  t i g h t  i n  warm 

weather and o n l y  opened up 5 inch  i n  c o l d  wea ther .  

These t h r e e  examples show i t  is t h e  abnormal rrovement of t h e  approach 

spans  t h a t  i s  t h e  major c o n t r i b u t e r  t o  t h e  jamming of t h e  j o i n t  of t h e  movable 
A 

span ,  and n o t  t empera tu re  a l o n e .  Many t i m e s ,  when a b a s c u l e  l e a f  g e t s  jammed, 

t h e  highway maintenance crew w i l l  be o u t  t h e  n e x t  day t o  c u t  hack t h e  f i n g e r s  

of t h e  j o i n t  s o  t h a t  t h e  b r i d g e  does  n o t  jam a g a i n .  However, more t imes  t h a n  

n o t ,  do t o  t h e  c o n t i n u i n g  movement o f  t h e  approaches ,  t h e  movable span jams u p  

a g a i n  a  few summers l a t e r  





~ u t  the jamming of the movable span is not the main point of concern to 

this writer. It is the movement of the approach span expansion bearings which 

is of major consequence. These bridge bearings are one oE the most critical 

members of the bridge structure. In addition to transferring the heavy loads 

of the bridge superstructure and the traffic it carries to the substructure 

and foundations, they are also called upon to accommodate the normal thermal 

expansion and contraction that takes place in the bridge due to changes in 

temperature. Thus, these are heavily loaded elements which are subjected to 

constant movement. Although, in many cases, they are often poorly maintained 

and constantly exposed to the elements, they are expected to last the lifetime 

of the structure. 

However, when this abnormal movement occurs, where the bearings are 

sliding off these lower castings, or rocker have been tilted until they have 

locked up, not only can the normal thermal movements no longer be accomodated, 

but stresses due to eccentric and point loading on the casting build up which 

could cause overstressing of both the bearing and pier cap below. If left 

unchecked, these movements could conceivably lead to the ultimate failure of 

the bearing, resulting in a localized failure and disruption of traffic, or 

worse, a total collapse of a section of the bridge. Although this writer 

knows of no such failure, events of recent years indicate that bridges may not 

be getting the proper level of inspection required. ., 

In addition to these expansion bearing, other damage and distress is also 

occurring to castings and anchor bolts of fixed bearings, piers which are now 

leaninq, roadway joint areas that are butted togetbee an? the toe en? of thc 



b a s c u l e  span where  bear ings  a r e  n o t  p r o p e r l y  s e a t i n g  and span l o c k s  a r e  

misa l igned .  

AS a l r e a d y  s t a t e d ,  t h i s  abnormal movement has  been more comronly observed 

on movable b r i d g e s  than  on f i x e d  b r i d g e s ,  and i t  is t h i s  very  f a c t  t h a t  l e a d s  

t o  an unders tand ing  of why i t  o c c u r s .  S u r e l y ,  movable b r i d g e s  a r e  a f f e c t e d  by 

t h e  same f o r c e s  t h a t  a c t  t o  cause  movements i n  a  f i x e d  s t r u c t u r e ;  e a r t h  

p r e s s u r e  due t o  longitudinal f o r c e s  and d i f f e r e n t i a l  s e t t l e m e n t .  B u t ,  a s  t h i s  

writer b e l i e v e s ,  i t  is t h e  d i f f e r e n c e s  between f i x e d  and movable s t r u c t u r e s  

w i t h  r e s u l t s  i n  t h e  s i g n i f i c a n t  abnormal movements observed throughout  t h e  

l e n g t h  of t h e  movable s t r u c t u r e .  

F i r s t ,  c o n s i d e r  t h e  d i f f e r e n c e  i n  t h e  b r i d g e  s t r u c t u r e s  themselve;. I n  a  

f i x e d  b r i d g e ,  one can imagine t h a t  t h e  s t r u c t u r e  i s  l o n g i t u d i n a l l y  con t inuous  

over  i ts  e n t i r e  l e n g t h  from one abutment t o  a n o t h e r  and t h u s ,  f o r  r easons  n o t  

e n t i r e l y  c l e a r ,  movements a r e  c a n c e l l e d  o u t  o r  d iminished n o t  f a r  from t h e  

abutments .  On t h e  o t h e r  hand, a  movable b r i d g e ,  by i t s  very  n a t u r e ,  has  a  

l o n g i t u d i n a l  d i s c o n t i n u i t y  a t  t h e  movable span.  Thus, p a r t i c u l a r l y  when t h e  

span i s  open, and i n  some c a s e s ,  when t h e  span i s  i n  t h e  c l o s e d  p o s i t i o n ,  

t h e r e  a r e  no o f f s e t t i n g  r e a c t i o n s  from e i t h e r  end of t h e  b r i d g e .  

T h i s  w i l l  a l s o  e x p l a i n  why t h i s  abnormal moveirent has  been more l i k e l y  

observed on a  b a s c u l e  t y p e  s t r u c t u r e  t h a n  t h e  o t h e r  common movable types  w i t h  

a  swing o r  v e r t i c a l  l i f t  span where t h e  movable span i s  more a p t  t o  a c t  l i k e  a  

t i x e d  spdn i n  t h e  down p o s i t i o n .  For t h e  swing span  t y p e ,  t h e  downward 



reaction when driving the wedges at both ends of the span tends to keep the 

.,pan down on the top of the rest piers. In a slmilar fash~on, the wtiqht of 

vi,rtic:il l i f t  span, along with the unbalance of the ropc:;, tcniii to hrep ti:<- 

span seated on its bearings atop the tower piers. 

On a bascule bridge, however, the longitudinal continuity of the 

structure is usually broken regardless of whether the span is in the open or 

closed position. On a double leaf bascule, this is very clear, as there is no 

longitudinal connection between the gap at the toe of adjacent leaves, but 

mere1.y a shear lock which only function is to transfer vertical loads between 

leaves. This may not be as evident on the single leaf bascule, although the 

writer believes that this discontinuity also exists with the span in the 

closed position. Commonly, highway bascule spans are balanced over a trunnion 

with the greater weight just as likely to be on the counterweight side than 

the span side, resulting in a uplifting force on the bearings at the toe end 

of the span. Very often, this writer has observed the failure of the single 

leaf span to properly seat and lock into place at the rest pier bearings. 

More likely than not, the leaf is riding high an2 bouncing under traffic 

impact. 

Secondly, the movable structure is subjected to significant longitudinal 

braking forces not experienced on fixed bridges. Imagine how infrequently 
., 

vehicles brake to a stop on a fixed structure, only on the rare occasion of an 

accident or other traffic tie-up. But on a movable bridge, particularly one 

carrying highway loading, vehicles are constantly stopping whenever the bridge 

is to be opened. This longitudinal braking force not only acts on the earthen 

fill behind the abutments, but on long structures like the three examples 



c i t e d  p r e v i o u s l y  where t h e  t r a f f i c  g a t e s  a r e  on t h e  s t r u c t u r e  i t s e l f ,  a l s o  on 

t h e  approach superstructure. A t  busy b r i d g e s ,  with opening of upward:; t o  

4 , 0 0 0  an<? 6 , 0 0 0  ii y e a r ,  which is not uncom..ion s l a n g  t h e  A t l a n t i c  Coilst ,  tlie:;e 

brak ing  f o r c e s  can  be very s i g n i f i c a n t .  

The s i g n i f i c a n c e  o f  the  e f f e c t  of t h e  l o n g i t u d i n a l  braking f o r c e s  a s  a  

f a c t o r  i n  c a u s i n g  t h i s  abnormal movement can be v e r i f i e d  by t h i s  w r i t e r ' s  

o b s e r v a t i o n s  of t h e  l a c k  o f  t h i s  movement a t  movable b r i d g e s  c a r r y i n g  s o l e l y  

r a i l r o a d  l o a d s .  R a r e l y  w i l l  a  t r a i n  be brought  t o  a  s t o p  t o  a l low a  r a i l r o a d  

b r i d g e  t o  open,  t h u s  t h e r e  i s  an absence of b rak ing  f o r c e s  h e r e .  An example 

is  t h e  r a i l r o a d  b r i d g e  d i r e c t l y  a d j a c e n t  t o  Bridge No. I. Although of s i m i l a r  

l e n g t h  and type  ( s i n g l e  l e a f  bascu le )  no evidence of abnormal movement was 

noted a t  t h i s  p a r t i c u l a r  s t r u c t u r e .  

DESIGN CODES 

The o r i g i n a l .  AASIITO des ign  c r i t e r i a  f o r  de te rmin ing  l c n g i t u d i n a l  braking 

f o r c e s ,  f i r s t  i u b l i s h e d  i n  1931 s p e c i f i e d  us ing  10 p e r c e n t  o f  t h e  l i v e  load  on 

t h e  s t r u c t u r e ,  taken 4 f e e t  above t h e  t o p  of t h e  roadway. I n  1941 

s p e c i f i c a t i o n ,  t h e  l o n g i t u d i n a l  f o r c e  was reduced t o  5 p e r c e n t  of t h e  l i v e  

l o a d ,  us ing l a n e  l o a d s ,  wi th  c o n c e n t r a t e d  l o a d  f o r  moment, and no impact.  The 

f o r c e  was assumed t o  be based on a l l  t r a f f i c  headed i n  t h e  same d i r e c t i o n  and 
., 

r e d u c t i o n s  i n  load  i n t e n s i t y  (number of t r a f f i c  l a n e s  l o a l e d )  was t o  app ly .  

Th is  was a l s o  t h e  f i r s t  s p e c i f i c a t i o n  t h a t  t h e  l o n g i t u d i n a l  f o r c e  due t o  

f r i c t i o n  a t  expansion b e a r i n g s  was t o  be p rov ided  f o r  i n  t h e  d e s i g n .  I n  1961, 

t h e  s p e c i f i c a t i o n  was f u r t h e r  modif ied t o  have t h e  f o r c e  t aken  6 f e e t  above 

t h e  roadway s u r f a c e .  I t  remains t h i s  way i n  t h e  c u r r e n t  1983 s p e c i f i c a t i o n .  



A check of the sliding plate bearings for Bridge No. 1 and the rocker 

bearings of Bridges No. 2 and NOT 3 show that 5 percent of the I\ASI!TO 

longitridinal design force is not high enough to cause thesc bearings to move. 

The ASCE committee on Loads and Forces on Bridges in the ~ u l y  1981 ASCE 

Structural Division Journal recommen6ed that the longitudinal load due tc 

braking in one lane shall be increased to 80 percent of the load of the ~ S H T O  

design truck while the coincident longitudinal load in each other traffic lane 

remain at 5 percent of the lane load, including concentrated load for moment. 

The longitudinal force is to be applied 6 feet above the roadway. 

The commentary to this recommendation interestingly noted that the 

current longitudinal force used by AASHTO, 5 percent of lane loading, was far 

less than longitudinal loads required by many other codes. Computing an 

equivalent braking load for these other codes resulted in forces 6 to 25 times 

greater than the current AASBTO specified load. The ASCE recommendation calls 

Lor a load almost 15 times greater than the currently used load. 

The 1983 Ontario, Canada Highway Bridge Design Code, for instance, calls 

for a design braking force of either 160 KN (36 kips) which is 23 peicent of 

the OI~BD truck gross load of 700 KN (157.5 kips or more than twice the AASHTO 

design truck load) or 10 percent of the lane load of as much 10 KN per meter 
A 

(0.685 kip/ft) with a reduction of 25 percent if two adjacent lanes are 

loaded. 

The commentary to both the 1981 ASCE recommendations and the 1983 Ontario 

Highway Bridge Design Code cite evidence indicating that the braking forces 



can be as much as the weight of the vehicle itself. They both note however 

t ha t  t h e  cxeriion of this msximum baaking load is unlikely and the specificil 

loading is thus a reasonable compromise. 

~f either the ASCE recommended longitudinal braking force of 80 percent 

of the design truck or an equivalent Ontario longitudinal loading is 

substituted for the current AASHTO braking force of 5 percent of the lane 

load, the force would overcome the friction at the bearings on each of the 

bridges cited. Figure 7 surmarizes these forces. 

RECOMMEXDATI ONS 

Based on this writer's observations and research on this subject of 

abnormal movements in movable bridges, the following recommendations are put 

forth: 

1. survey movable bridges nationwide to determine the extent of this 

abnormal movement. 

prior to the preparation of this paper, the writer sent out a brief 

questionnaire to a few State transportation departments across the 

country, but with little positive results. At this time, a detailed 
" 

survey should be undertaken, using the vast data collected and 

computerized during the nationwide bridge inventory and inspection 

program, to determine how widespread this problem is and whether it 

is more likely to occur in certain climates or regions of the 

country, or to certain particular bridge types. States or agencles 



FIGURE 7 

SDMMARY OF FORQeS 

BRIDGE #1 BRIDGE A2 
Span Length 8 0 '  7 2 '  

Type o f  Bear ing  S l i d i n g  Rocker 

Force  Needed t o  
overcome f r i c t i o n  57.3 k  9.4 k 

CODE* : 

AASHTO 7.7 k 7 . 2  k 

ASCE 61.5 k 61.2 k 

O n t a r i o  8 2 . 2  k 74 .0  k  

* AASHTO - 5% of l a n e  load  X 2 l a n e s  loaded.  

ASCE - 8 0 %  of des ign  t r u c k  l o a d  p l u s  a d j a c e n t  l a n e  l o a d .  

BRIDGE A3 
1 0 0 '  

Rocker 

O n t a r i o  - 23% of des ign  t r u c k  l o a d  o r  10% o f  l a n e  l o a d  a l l  reduced by 25% 
f o r  two l a n e s  loaded.  



with  a  l a r g e  number of movable b r i d g e s  should be c o n t a c t e d  d i r e c t l y  

t o  d i s c u s s  t h i s  movement. 

2 .  Revise  AASI~TO s p e c i f i c a t i o n .  

F u r t h e r  s t u d y  and c o n s i d e r a t i o n  should be given t o  r e v i s i n g  t h e  

c u r r e n t  AASHTO Standard S e c i f i c a t i o n s  f o r  Highway Br idges  t o  

i n c r e a s e  t h e  pe rcen tage  o f  l i v e  l o a d  used f o r  computing l o n g i t u d i n a l  

b rak ing  f o r c e s .  I f  i t  is f e l t  a  g e n e r a l  change is n o t  war ran ted ,  a  

m o d i f i c a t i o n  should a t  l e a s t  be  made f o r  b e a r i n g s  of approach spans  

which a r e  p a r t  of movable s t r u c t u r e s .  

3. R e t r o f i t  of  e x i s t i n g  b r i d g e s .  

Those e x i s t i n g  s t r u c t u r e s  on which t h i s  movement i s  observed should 

be r e h a b i l i t a t e d  t o  minimize o r  s a f e l y  accommodate t h i s  movement. 

Bear ings  shou ld  be r e s e t  and base  p l a t e s  moved o r  e n l a r g e d .  I f  

p o s s i b l e ,  b e a r i n g s  shou ld  be r e p l a c e d  w i t h  t y p e s  which can b e t t e r  

accommodate t h i s  movement. Roadway j o i n t  a r e a s  shou ld  be opened up 

t o  p r e v e n t  f u r t h e r  damage. A l s o  i n s t a l l  t i e  backs  a t  abutments t o  

r e s i s t  b rak ing  l o a d s  on t h e  roadway approach embankment. 

4 .  Design new movable s t r u c t u r e s  c o n s i d e r i n g  t h i s  movement. 

I n  p repar ing  p l a n s  f o r  new movable s t r u c t u r e s ,  p a r t i c u l a r l y  b a s c u l e  

b r i d g e s ,  p r o v i s i o n  shou ld  be made t o  minimize t h i s  movement. 

Abutment a r e a s ,  expansion b e a r i n g s  and p i e r s  shou ld  be  des igned  t o  



resist realistic longitudinal braking forces. Joints should be 

detailed to accommodate some movement, particularly at the movable 

spans. 

CONCLUSIONS 

Abnormal movement in which the approach spans move inward towards the 

movable span, occurs on movable structures, particularly bascule-type bridges. 

In addition to being a major cause of the jamming of the movable span, this 

movement causes serious problems at the expansion bearings and joints of the 

structure. The seriousness of this problem should be studied further and 

revisions to the AASHTO specification for determining longitudinal braking 

forces be considered. Finally, retrofits of existing bridges where this 

movement is occurring should be undertaken and this movement should be 

considered in the design of new movable bridges. 


